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With the development and use of charged particle sources for controlling space- 
craft potentials there is a need to better understand the effects of these systems 
on spacecraft operations. The emission of charged particles perturbs the spacecraft 
environment and signals are generated which may interfere with other vehicle functions 
In particular, the generated signals are apt to interfere with detectors for observing 
waves that exist naturally in the space environment. Examples of this type of inter- 
ference are presented from the SCATHA satellite during a period when the vehicle was 
highly charged. A plasma source on board the spacecraft succeeded in discharging 
the vehicle with each of four different operating modes. The VLF broadband receiver 
on SCATHA detected interference over the entire 0-5 kHz range of both the electric 
and magnetic field detectors during these charged particle emissions. This frequency 
range includes the 2 kHz electron gyrofrequency but is below the 9 kHz electron plasma 
frequency. The observations suggest that interference occurs through introduction 
of anomalous signals, and through suppression of background field measurements. 


INTRODUCTION 


The development of active means for controlling spacecraft potentials is moti- 
vated from both engineering and scientific considerations. Large spacecraft potential 
may be responsible for operational anomalies (ref. 1 and references therein) and may 
interfere with measurements of the characteristics of the cold plasma embedded in 
the plasma sheet. The cold plasma plays a significant role in providing neutralizing 
currents to spacecraft (ref. 1). It also acts as a catalyst for the generation of 
wave turbulence in the plasma sheet (ref. 2 and 3). The waves cause energetic 
electrons to diffuse in pitch angle (ref .4 and 5). The lifetime of the charging 
environment should then be controlled by the diffusion rate of these electrons. 

Thus, exact measurements of the low density, cold plasma component in the plasma 
Sheet is required both for specifying severe charging environments and for modelling 
their dynamics. Unfortunately, the densities and temperatures of the cold electron 
and fon populations can only be measured if the satellite potential is maintained at 
low values relative to the plasma. 
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Charge ejection systems have been proposed for satellite missions to facilitate 
measurement of cold plasma fluxes by actively maintaining the entire satellite close 
to plasma potential. Purvis and. Bartlett (ref. 6) have pointed out that during a 
92-hour period of continuous charged particle ejection by ATS-6, no spacecraft charging 
events were detected, although several plasma injection events were encountered. 
Experience with similiar injection events suggests that if the charge ejection system 
had-not been operating, severe charging would have occurred. 

Electron beam and plasma beam systems were put on the SCATHA satellite to study 
the discharging of satellites near geostationary orbit. During the satellite-eclipse 
period of 24 April 1979, SCATHA encountered such an environment and satellite potentials 
as low as -8 kV were measured (ref. 7). Attempts were made to discharge the vehicle 
using both beam systems. The electron beam system was able to raise the vehicle 
potential to -1 kV, but not bring about complete discharge. During periods of plasina- 
beam emissions the vehicle was completely discharged. 

Few, if any, direct measurements of electromagnetic interference (EMI) generated 
during plasma beam operations have been published in the technical literature. The 
purpose of this report is to consider the impact of EMI generated by the emitted 
plasma on the operation of wave experiments. Since SCATHA is equipped with a plasma 
beam system and a VLF experiment capable of monitoring beam-induced waves, it provides 
a unique set of measurements for an EMI impact assessment. Even though there are 
major differences between the plasma-beam system flown on SCATHA and the charge 
ejection systems proposed for vehicle potential control, these measurements should 
have relevance for a satellite that will spend a significant fraction of its life in 
plasma Sheet environments similiar to those encountered by SCATHA- 

In the following section the plasma beam and VLF instruments on SCATHA are 
described. The observations Section examines VL F measurements taken during the eclipse 
period of 24 April (day 114) 19 79. In a fifteen-minute period of intermittent plasma-bea 
emissions, four different modes of plasma emissions successfully discharged the 
vehicle. 


INSTRUMENTATION 


SCATHA was launched in January, 1979, into a nea r-geosynchronous (23 hour, 35- 
minute), near equatorial orbit with a 7.9 degree inclination. The satellite is 
cylindrical in shape. Spin-stabilized, with a period of rotation of about 58 seconds. 
The spin axis is in the orbital plane and is maintained normal to the earth-sun line 
within +_ 5 degrees. The Satellite orbit has apogee of 7.8 Rg (earth radii) and 
perigee of 5.3 Rf. During the spring and fall the satellite enters an eclipse 
season, a period in which a portion of each orbit intersects the earth's shadow. The 
maximum eclipse duration per orbit is 71 minutes. 


The SC4-2 instrument on the SCATHA satellite was developed to eject currents 
of positive and negative charge either separately or together. The major elements 
of the system are a xenon gas storage reservoir, a feed line from the reservoir to 
a hollow cathode, a discharge chamber, ion optics, a filament neutralizer, and support- 
ing electronic^. A functional block diagram of the SC4-2 payload is shdwrt in Figure 1. 
un command, gas from the reservoir is fed through the hollow cathode and into the 
discharge chamber. Ions are produced in the discharge chamber by the impact of 
electrons from the heated cathode with neutral xenon atoms. The ion energy is deter- 
mined by both the anode-cathode potential difference and the chamber (screen) potential 
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relative to spacecraft ground. The ions could be ejected from the SC4-2 with low 
(eV), as well as high (keV), energies. The neutralizer could be independently commanded 
to be heated, biased with respect to spacecraft ground, or both. -Wide dynamic-range 
electrometers permit measurements of the ion current from the beam power supply, the 
electron current from the neutralizer emission, and the net emitted- current. 

The SCI instrument on SCATHA includes a- very-low-frequency (VLF) wave analyzer 
capable of taking broadband measurements of electrostatic and electromagnetic emissions 
from 0-6 kHz. A 100 meter tip-to-tip dipole antenna (SC10) detects the electric 
field component (E), and an air-core loop detects the magnetic field component (B) 
of the waves. The S Cl 0 antenna consists of two 50 meter, 1/4 inch diameter antennas 
extending from the spacecraft. The sensitivity of the electric field receiver is 5 
x 10 _/ V/m Hzl/2 at 1.3 kHz. The air-core loop is electrostatically shielded 
and has an effective area of 575 m 2 at 1.3 kHz. It is constructed of 1530 turns 
of 36 AW6 copper wire on a form 50 cm in diameter. The antenna is boom-mounted two 
meters from the central portion of the spacecraft. The sensitivity of the magnetic 
field receiver is 3 x 10 - 6 y /Hz 1/2 a t 1.3 kHz. Prior to flight laboratory 
tests we r e conducted to insure that the instruments were shielded so there would be 
no internally generated signals detected by the E and B antennas. Hiring periods of 
SCI operations presented here the wave environment was sampled alternately for periods 
of 16 seconds duration with the E and B antennas. Data are presented in a frequency 
versus time format. A grey scale indicates relative intensities at a given time. 

The maximum amplitude is measured by the detector's automatic gain control (AGC) 
system four times per second in unequal intervals. The AGC measurements, plotted in 
field strength versus time, are given with each data sample. In the frequency-time 
spectrograms information about wave fields more than 20 db below the frequency of 
maximum amplitude is supressed. 


OBSERVATIONS 


During the period between 0747:34 and 0801:45 UT on 24 April 1979 the SC4-2 
system on SCATHA operated intermittently in the plasma-beam mode. Throughout this 
period the satellite was at an altitude of ~ 6.7 R£ in the plasma sheet and in the 
earth's shadow. Figure 2 contains plots of the emitted ion current (top panel) and 
the satellite frame potential (bottom panel) for the twelve minutes following 0750:10 
UT. Note that when the plasma-beam was not operating the satellite potential ranged 
between -2 and -3 kV. This potential was discharged during four distinct plasma-beam 
operating inodes. The ion and electron current and energy levels connected with the 
four plasma beam modes are listed in Table 1. Also listed in Table 1 is the range 
of maximum amplitudes measured by the electric and magnetic antennas during both 
background and beam operation intervals. These ranges were determined from the gain 
states of the AGC. Throughout this paper the word "background" denotes waves detected 
while the discharge system was not operating. 

To help distinguish beam-induced EMI effects from background emissions 
it is useful to consider VLF measurements from the E and B antennas prior 
to beam turn-on. The bottom portions of Figures and 3b provide examples 
of the E and B background measurements , respectively. The curves in the top 
panels of these figures give the AGC levels of maximum signal intensities. 

These measurements correspond to the darkest portions of the 0-6 kHz 
spectrograms. They are given in db V and dif/in for E, nax and db y and my 
f° r B, nax . The background signals consist of narrow bands, approximately 
200 Hz in width centered near 0.6 and 1.2 kHz. The signal near 1.2 kHz is 
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the most Intense. The harmonic bands near 1.7 and 2.2 kHz are believed 
to be artifacts of ground station instrumentation. 

Examples of VLF signals as well as E^ax and aH^^o^ease in 

ISSiiiSE? °* 

of waves within + 30 db of chorus fields. 

tho mftHo l hpam emissions from 0753:12 to 0754:08 and from 0800:07 to 0801:45, 

examples of B and E signals as well as E^ax and E^ax measured during m 

operations. The magnetic signal consists of a band axtend,ng from 0 5 . Mxjml2es 

T\ !Tk hT X tbT greater 1 1 nt ens Uy fYha? Partly 

an artifact of of the sy tem. However, the null in the noise band near 3 kHz implies 

that the dUle-banded structure is real. Values of ^ax rynge 
m y and are constantly stronger than the background e'" ls sions. Th ® el t *^ 0 c to 
signal contains narrow bands centered near 1, 2 and 3 kHz wit Hnax 4 

inn .M/m renae The bands that appear between seconds 6 through 8 nf Figure 4 
are harmonicsVf the background, double band spectrum. In other mov.e 1 measurements 

SSF' °^? ! 

A1 though *E rtax approaches background values during these periods it is, in general, 
less than the background E max « 

IP the second plasna-beam mode (0754:08 - 0756:19 0T) ions were again emitted 
with 1 keV energy but at current strengths that varied between 0.75 and 0.9 mh. 

E ectrons were Sltted with the same filament bias of -10 V with currents slightly 
more than 1 0 nA. Magnetic and electric signals characteristic of mode 2 operations 
are shown i^F^gures la and c, and 5b and d, respectively. Again the -nagnetic signal 

covers the entire 0.5 to 5 kHz band. However, B max which . ran ges w f £ oni t uf/J h i°2ni^e 
rnv mav be either less than or greater than background values. Note that the noise 

level is reduced and the background signal intensified in the second sample, Fl 9ure 
5c compared to the first which is taken at the beginning of the mode. The electric 
Sinai is consistently weaker than the background level. The stronger values of 
E m ax (40 - 200 itf/m) occur when background frequency signals are visible in 
thl spectrogram. The weaker values of F. max occur during periods of 0-11 <Hz broadband 
noise Note the stronqer signals in the second Sample, Figure 5d, which is taken i 
the latter portion of the mode operation. The significance of these changes will e 

discussed below. 

The third plasma-beam mode (0766:19 - 0758:09 UT) was characterized by ion 
currents of 0 04 mA at energies less than 40 eV. The electron current was 0.45 m 
with the filament biased at -10 V. VLF data representative of this beam mode are 
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presented in Figure 6. The magnetic signal appears as a baud, decreasing in intensity 
with increasing frequency, covering the 0.5 to 4 kHz range. The most intense signal 
is near 1.2 kHz with Bm ax between 10 and 20 my . This is lower in intensity 
than the background signals of Figure 3. Some narrow band signals are barely discernible 
near 2.8, 3 and 5 kHz between Seconds 0 to 2 and 8 to 13. The electric signal is 
more complex. It includes a persistent narrow band at the background, frequency of 
1.2 kHz and intermittent signals at 0.6, 2.2 and 5 kHz* Note a-lso the presence- of a 
multiple band near 3 kHz. The portion of this spectrogram between 4 and 6 seconds 
and 9 and 11 seconds shows that the signal near 2.8 kHz can exceed the 1.2 kHz signal 
in intensity. These periods are also marked by the presence of narrow bands near 
0..1 kHz. Throughout this plasma-beam operation E m ^ x was between 40 and 200 uV/m,_ 
again less than the intensity of background signals. 

The fourth bean mode started at 0759:10 UT as a discharge in the ion source 
chamber that lasted until 0800:07 UT. The current electrometer measured a net positive 
current of 0.01 mft. The energy of the ejected positive charge was < 40 eV. IXirmg 
this interval the satellite frame discharged from -2.7 kU to within 100 V of plasma 
potential. Corresponding 8 and E signals are presented in Figure 7. The magnetic 
signal appears as a band of variable intensity, from 0.5 to 5 kHz, with Ifoax ? n 
the 10-30 my range near 1.2 kHz. This is similiar to but stronger in intensity 

than signals detected during mode 3 operations. A comparison of AGC levels with the 

spectrogram shows that in mode 4 B^x usually less than the background level. 
Narrow-band signals near 5 kHz are visible when weakest. The electric 

signals also have characteristics similiar to those of mode 3 operations. The mode 
4 electric signals, however, contain numerous bursts that cross the entire- band. 

E max varies betwen 40 and 200 u V/m. The background signal at 1.2 kHz was 
dominant during periods of strongest signals. During periods of weaker signals 
(seconds 5 to 7 and 12.5 to 14.5) the 0.6 kHz band and 0 to .5 kHz noise wa s dominant. 


SUMMARY AND DISCUSSION 


To provide a context for interpreting the VLF measurements presented above it 
is useful to summarize the plasma and magnetic field environment of SCATHA. ftjring 
the period of interest the SCATHA dc magnetometer measured magnetic fields in the 
75-80 nT range. Thus, the electron gyrofrequency , f e , was ~2 kHz. There were no 
measurements of the cold plasma (< 10 eV) by SCATHA Instruments. The Rapid Scan 
Particle Detector (SC5) measurements of electrons and ions with energies between 50 
eV and 1 MeV have been discussed in reference 7. During the period of spacecraft 
charging the density of plasma sheet electrons in the energy range of detectability 
was between 0.5 and 1 cm _ 3. Corresponding plasma frequencies and upper hybrid 
frequencies, which lie in the 6.3 to 10 kHz range, cannot be detected by the SCATHA 
VLF receiver. It is interesting to note that the charging period corresponded to an 
injection of high energy (30 - 335 keV) electrons whose combined fluxes strongly 
correlated with the satellite potential. Electrons in this energy range were highly 
anisotropic with maximum fluxes perpendicular to the magnetic field. 

The background signals shown in Figure 3 consist of a double band that appears 
in both the electric and magnetic field spectrograms. Thus, they are electromagnetic 
rather than electrostatic phenomena. The frequencies are centered at 0.6 and 1.1 
kHz with a null near 0.5 f e . There is a weaker double band with a similar structure 
with frequencies centered at 1.7 and 2.2 kHz and a null near f e that is considered 
to be an artifact of the ground station instrumentation. 
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The double-banded electromagnetic emissions with a null ap** n k f a * 

E « ■£ <v> <■ - 3 

P^’rtfcu' 1S S krt“ Setting*? fl f 
we estimate a band of resonant energies extendi no from 1 q tn « i^w n r * b 'e 

\t ^^ t r!X eiicirZrr*' 

no general ly accepted eXn Sill for" Z ” 
magnetic signals a^VLF^frequenc^es^hae^bee^Drl's 011 ? ° n . tne detectio " of electric and 

thl range s^ 20^600 

characteriz^ e by t broad t bands%x^nding b from°o e 5 a t i0 s S kH d9n ^ tiCm ^ e ^™ 0 ^^ t "®"® 

cation of background signals difficult? T5L°lL*° Hz that make visual identify 
strength and djration of the Mlited LrJi? ' n K" s ’f y ? f . B "'S* vaned «**" the 
readily provide information about backgrotJd'signals eC Thl C nar e d K SP e Ct k° 9 !! anS ™ ore 

s^sToIi^ 

du^g’b^^jrjerSs! 35 C °" SiSte " t1 ’ ,ower the AO b C ero S n r S tS> 

to attempt 6 a 'descr fpt i*on 'of iS usefu ' 

immediate vicinity of the satellite an* fh 0 e \/icr CtS ° f the 2 1asn,a bea,n 1n the 

the active potential control experiments on ATS-B^ATS-'e IJdMATHA *thti C ^ ^ 
beams are successful in discharainn Hifforonfisii . b anc ‘ SCATHA that plasma 

conducting frame of the satellite frefs^ 6 and 15^ Ch Frnm^ SUrfa i CeS - 8S Wel1 as the 
experimental data, in reference 15 it is shown thij an analy V s of SCATHA 

must be responsible in each case Tn honin° W ^h ha 5u dlf f erent P bysica1 processes 

such that a cloud eventually envelopes the while^atell ?.™ ?“"! -T be d, spersed 
negatively charged satellite frame most 1 U ’ To d1scha rge the 

The discharge of dielectric suJf^es Xn^iTJ s '® cbrons ."“ st escape to infinity, 
beam impact these surfaces i n s^f f i c i ent numhsr!'''^ pos,t ' , f.' ons Tfom the emitted 
deposited from the magnetospheric ollsm ° nei i tral ’« negative charges 

beam ions and magnetospheric electrons it‘ohahlv oi y e ' ec ? r ? ns f ™" the impacting 
discharging procedure. Hh«eve?the details I y f ?h ay a- ruC k' al r0,es ,n this 
things are clearly required. First the sheath in^ho 5 !^ 3 ^- 10 ^ process may ba » two 
satellite is transformed frim a depleted olasm To In Ur d, ! te , v1cin ^ of th « 

Of the enhancement sheath is not known. Second, the nea rs^tel fit ^enhancement e,tt 
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region is characterized by multiple, complex current loops that couple dielectric 
surfaces with the magnetoSpheric plasma and the satellite frame. Recall that the 
air core loop is located 2 m from the satellite while the active element of the 
electric field antenna extends from 20 to 50 m from the satellite-. If the scale 
size of the plasma^enhanced region is-les:. than 50 m very different, effects on the 
two systems may be anticipated. 

The magnetic spectrograms are dominated by wide bands that extend from 0,5 to 
5 kHz. The apparent low frequency cut off is an instrumental effect. At frequencies 
less than 1 kHz the frequency response of the magnetic VLF receiver decreases rapidly 
with decreasing frequency (cf Figure 2 of ref. 14). The presence of an enhanced 
plasma in the immediate vicinity of the satellite should of itself, have no effect 
On the performance of the low impedance loop antenna (ref. 16). Rather, the data 
suggest that the air core loop is embedded in a dense region of fluctuating currents 
inherent to the satellite discharge process. These bands may have harmonic structure 
(figures 4a and 5a) with intensity exceeding that of the background signals. The 
signal strength intensifies just below the first and second harmonics of the electron 
gyrofrequertcy; i.e., 2 kHz and 4 kHz, respectively. One possible explanation comes 
from Ohnuma, et aU , (ref. 17). They have shown that in a high density, hot plasma, 
electromagnetic waves may be generated at these harmonics. These waves are back- 
scattered at some critical low density which implies they would be confined to the 
enhanced sheath region around the satellite. 

Structured emissions are detectable, to varying degrees during all beam operations 
but are more easily perceived in the electric field spectrograms. These emissions 
have five different kinds of signatures: (1) chorus emissions centered at .6, and 
1.2 kHz, (2) chorus harmonic bands, (3) narrow bands near 3 and 5 kHz, (4) multiple 
bands near 3 kHz, and (5) 0 to .5 kHz ELF bands. The background chorus signals 
centered at 1.1 kHz were present a large fraction of the time while those at 0.6 kHz 
were less frequently detectable. Intensities of chorus signals were usually well 
below those measured when the beam system was off. The diminished and sometimes 
totally suppressed chorus seems to be related to the beam emission process rather 
than to variations in the emitting plasma. This is evidenced by the relative constancy 

of (1) Emax anc * *taix when tlie heam was anc * ^ ti1e ^ ux ^ eve ^ anc * 

angle distributions of electrons in the resonant energy range of 5 to 10 kCV. A 

possible mechanism for reducing chorus intensity measurements is discussed below. 

Multiple harmonics of chorus emissions are occasionally detected during mode 1 
operations, and are most visible on the electric field spectrograms (figure 4b). 

The fact that multiple harmonics only appear during a specific mode of operation and 
have never been detected outside beam operations suggests that they are artifacts of 
the beam emission process. How they are produced is not understood at this time. 

It may be that the beam emission which is highly anisotropic occurring at pitch 
angles of 70°-140°, or the vehicle discharging process, create sufficiently energetic, 
anisotropic electrons to produce cyclotron harmonic resonances as discussed in refer- 
ences 4 and 18, which in turn may produce harmonics of chorus emissions. In the 
near vicinity of the satellite, the high current emissions are shown to intensify 
the 1.2 kHz signal (figures 4a and 5a). 

At Sometime during all four modes of plasm-beam operations narrow bands near 
3 kHz are visible in the spectrograms. A similar band at 5 kHz is detectable 
intermittantly during modes 3 and 4. These signals are present in both the 
electric and magnetic spectrograms. They appear to be electron cyclotron harmonic 
(ECH) waves. Wave modes of these types propagate nearly perpendicular to the 
magnetic field between harmonics of the electron gyrofrequency and may be associated 


with positive slopes in the electron distribution function ( 3f/3v^> Q)» 

However, the responsible electrons have energies considerably lower than those responsible 
for chorus waves (ref. 2). We note that on several occasions the appearance 
of ECH waves coincided with the complete suppression of the 1.2 kHz. chorus band. 

The observation of a magnetic component is contrary to other observations in 
space (ref.. 3) and is not yet understood. The ECH waves are assumed to have 
long wavelengths, much, greater than the 50 cm diameter of the magnetic loop antenna. 
Therefore, there should be no coupling of the wave electric fields to this antenna.- 
It may be, however, that these waves generate local current oscillations in the 
satellite sheath in which the magnetic antenna is imbedded. These oscillations 
wouTd_occur at the same frequency as those of the naturally occurring ECH waves. 

During the entire mode 3 and seconds 11 to 16 of mode 4, multiple bands are 
detected near 3/2 f e . Similar multiple bands have been reported by Koons and 
Fennell, (ref. 20). They are usually associated with electrons at energies of a 
few keV whose distribution functions have relative minima at pitch angles of 90°. 

We have examined particle measurements and found that at the times of inodes 3 and 
4, electrons with energies of ~ 1 keV had trapped pitch angle distributions but 
with a local minimum at 90°. Electrons in all other energy channels have normally 
trapped distributions.- 

Sporadic emissions of signals in the 0 to .5 kHz range were detected during 
all four beam modes on the electric field spectrograms. Similar ELF bursts have 
been detected (ref. private communication, 1982) during beam-off periods. Again we 
note that several of these bursts (Figures 5 and 7) coincide with periods in which 
the 1.2 kHz signal is completely suppressed. 

Since the ECH and ELF emissions naturally occur in pla-sma sheet environments 
this is probably true in the present case as well. Their appearances during beam 
operations frequently coincide with low amplitudes or absences in the chorus bands. 

This suggests that when the beam system is not operating the ECH and ELF waves are 
more than 20 db below background chorus intensities. Only when the level of detected 
chorus signals is diminished or supressed does the AGC react to the presence of 
these waves. The question of beam related EMI thus becomes, how does the beam emission 
process lead to diminished chorus measurements by the antenna systems. Two possible 
mechanisms come to mind: (1) diminshed antenna coupling between the antenna and the 

medium, and (2) interactions between the chorus and the plasma cloud around the 
satellite. 

The first alternative, diminished antenna coupling with the medium applies only 
to the electric antenna and does not seem to be correct for two reasons. First, 
during beam emission periods the density of particles in the sheath around the antenna 
should be increased. This leads to a decreased sheath impedance (ref. 16) and 
better coupling to the medium (ref. 21). Second, there is no reason for the antenna 
to be coupled efficiently to the medium at 0.0 to 0.5 kHz and at 3 kHz and inefficiently 
coupled at 1.2 kHz. 

The vehicle discharging process results in the emission of secondary electrons 
from dielectric surfaces. In reference 15 it is shown that these surfaces discharge 
at different rates based on surface material and location. Independent of material, 
a surface which was readily accessible to beam ions would discharge more rapidly 
than one that was in a less accessible location on the satellite. The discharging 
of the satellite frame was almost instantaneous whereas the rate for each sample 
varied such that discharging occurred over a period on the order of minutes. This 
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Indicates that secondary electrons are emitted over this entire period with varied 
and decreasing energies depending on the particular surface from which thev were 
emitted, its location and rate of discharge. These electrons would oroduce a c?Lh 
of varied length and diameter that decreased in t i meVlhTsi sindi catedby coloari nu 
the two samples of mode 2. The first sample shows considerable suppression of the 9 
background signal on the E and 6 spectrograms even vtfth a reduced noise level on the 
B spectrogram. The second sample indicates a greater variability in the nlasma 
cloud permitting more of the background signal to penetrate on the E spectrogram and 
intensification of the 1.2 kHz signal on the B Spectrogram. spectrogram and 

T5- di ™Ktion of wave propagation for chorus and ECH waves combined with an 

assymetry of the local plasma could could lead to a selective diminution of 

field S wh?ip r FrH Wa r S usua11y P r °P a 9ate in directions close to that of the magnetic 
veld while ECH waves propagate mostly normal to the magnetic field. Because 

particles in the plasma cloud emitted during beam operations are relatively free to 
move Along but not across the magnetic field the cloud could have a relatlvelv 

ext ent along the magnetic field, waves propagating along the magnetic field 

field an“" o^ic%y a thin Jh me C d k tumf' I1Ura “ hi ' e th ° Se Pr0|M9atin9 a£r ° ss 'he magnetic 

W ^ V6 f am P] if y. due t0 the presence of free energy contained in the 

also°sub^ect P to C |*ana^ e H dlS ^ ribUt10nS 0f resonant » energetic electrons. They are 
also subject to Landau damping processes. Waves grow in regions where the free 

energy aval i able exceeds the rate at which Landau heating of the plasma occurs 

The introduction of large quantities of low-energy electrons in the pUsma cloud 

AnH d ^lnc lnCre ti eS g-h he ne?lat1 _ ve s1 °P e of the total electron distribution function 

clmiJ' IiSJJ e ?i ly 6 r at %? f 1 i anda 1 u dam P ln 9* The length and diameter of the plasma 

tl°?ha a Ii? 9 ivf IM9 !? tl 5- fleltf would then modu1ate the admittance of chorus waves 
to the satellite. The diameter of the cloud should be limited to a few electron 

gyroradvi. for emitted 10 eV electrons this is of the order of a few hundred 

S e S fo r 2 -L k ? V secondary electrons this is of the order of kilometers! Since 

littWffir? 9 ™ 10 the P la fV*eet is several kilometers such a cloud should have 
little effect on perpendicularly propagating waves. 


CONCLUSIONS 


The combination of plasma beam emissions and the discharging process has been 
shown to have three distinct affects on the detection of VLF waves. First the 
magnetic loop antenna detects intense signals during high current emissions modes 1 
and 2. that are apparently localized to the near vicinity of the satelJ ite. They 
are assumed to be generated and/or amplified within the plasma that envelopes the 

hUhiIULhT be ? a T SS1 ° n * Th6Se signals s P an th e 0.5 to 5 kHz band, may be 
double-banded, and often saturate the magnetic receiver, thus obscuring the* detection 

of signals that do not lie within 20 dB of this signal amplitude. Second, on the 

nlfHni C ant ® nna du ^ ln 9 mod f 1 » the highest current emitting mode, occasionally 

h! Up iJ b rnl Lu J ?? 1SS10nS , are dete cted. These are assumed to be generated 
by the large anisotropic fluxes of beam electrons. Third, the fields of the chorus 

wavp S f!p1 rf t re n f, S c UPpreS , S ! d :, suppresSion Permits observations of much weaker 
wave fields. It is suggested that electrons emitted by the beam and during the 

discharge process create an irregular plasma cloud along the field lines which becomes 
an optically thick screen for parallel propagating waves. 
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Figure 3. - Background wave fields detected by VLF broadband receiver. (Rela- 
tive intensity of wave fields is indicated by grey scale with darkest being 
most intense portion. In this case it is chorus band just above 1 kHz. This 
intensity is plotted above recorded field signals as 0-curve, given in dBy 
and my for magnetic field and dBV and yV/m for electric field.) 
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Figure 5. - Concluded. (Here change in signal with duration of plasma beam 
emission is apparent. Both electric and magnetic field signals are stronger 
and more nearly resemble background structure of fig. 3, although signal 
strengths (2-curves) are quite different.) 


(d8r) 




n r/; * 


OttIGINA'. 

OF POOR QUALITY 


1 , 

o 

§ 

120.0 

3 ! 

° V 

♦ ' 


i > 


8 

c b 

€ V " 


o 


* 




m 


10 

ri 



0 

t-H 

00 

• 


2 

cn 



in 
• • 
r>* 
O 


CM 

"" 

II 

e 


o 

(O 


H- 

<0 C 

O 


-O .r- 



• 

C <D 


40 

O 


• fej I 

■j I" 

... : ! 


j 


CD 


$ 

o 

£° 


r * * 


01 
V) 
s— ► 

a* 

E 

M 




1 

> 1 

_ o o 

O O ^ ♦ 

o o o° 

*■ * 

m 

o 

o 

*0 

CM 

i 

ro 

• 


, 4 

'I 


0 

* 

1 


0 
m 

1 


? 


i 

i 

<0 ro o 
(*HX) 

Xauanbajj 


(M 


C 

<0 

-M 

C 

40 

Oi 

o 

Q. 

■i— 

X) 

o 

•p“ 

s- 

4 -J 

u 

<0 


* -O 
-c 

s § 

to t/) 
§- 


E 


o 

o 

o 


o 

d 


£ £ 

as 

o | 
eS 

rp 

% >> 
J 3 4 J 

ii 

U» Q) 
40 -M 

££ 
-g 2 

X) cn 
o 


0 
CM 

1 


«o *** 

f 

H, 

* * 

o o<p 

«r 

„ 


*• 

o* V 
°o - 

>< 

6 

ro 

• 


% 


0 

1 


o 

in 


o 

to 


i 

r S 

• 

E i/) • 
_ <0 


m 

CD E S. 



= 33 


» 

•f e -m 


LO 

i- T- U 

2 


3X3 


• • 
Oi 



in 

X) to 


• * 

a> 



-4-> i— 

| 01 

o 

U • rt3 
0) ct £ 


ii 

£ a cn 
<0 *^- 

o 

o 

X3 O t/J 


r— 

«— l 

to t/> 

4-> »r- 

0 

01 

• 

40 

Sg, 

CO ^ 

c 

W.O ns 


(to 

**“ ro 

Oi 

0> 


-M 

**- XJ 

P 

c 

1 o *~~ 

10 ;= 

40 

0) 

1- 


•+*•*- 


Q. 

I s * C <♦- 

1 

o 

- q; 


o 

J0 ^ .C 



t S.4J 

3 3 o 


u 

C» 0.0 


•pto 

■r* 



u. 

CM 

<0 

c 

O) 

40 

s 



u> m o 
<*h*) 

Aouanbajj 


410 



ORIGIN/-:!. B .v 
OF POOR QUAUTY 



AouanbdJj 




Figure 6. - Signals detected during mode 3 plasma beam operations with ion 
beam current of about 40 uA. (Both magnetic and electric field signals are 
weak. Traces of signal bands are just barely visible in magnetic field data: 
electric field data are quite structured.) 


